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oTHE WEED 90 STUDY MULTIPLE SKILLS

Barbara Ivory Willianms

shree studies of Mathexmatics Tutoring were desigmed

ard cornducted at Far West Lzboratory for Eduvcational Research

and Develcpment using three pcpuiations of tutors — teackers,

paraprofessionais, and strfents. Each study was designed

o address thres general areas: (1) the effect of tutoring
on the achievement ard attitudes of fourth andfor fifth
grade pupils; {2) the effect of training in tutorial skilis
on the achievement and attitudes of fcurth and/or f£ifth
grade pupils; and (3) the relationships between use of speci-
fic tutorial skills and puwpil outcoxzes. It is this third

area which is the domain of the present paper.

Tutor Skills

Mathematics was used as the training vehicle for each of the

+hree studies, although the matrerials were adpated for use

with the student tutors. The tutorial skills which are

tayght in the Minicourse include:
1. Use of Diagnostic Questions

These questions were ones which tested the student’s
understanding of concepts and procedures necessary )
for the solution of particular problems and were

of five types: (1) general diagnostic questions;

(2) questions which tested the student’s-ability

to read a problem; (3) gquestions that tested tie

students understanding of word definitions; (4) s

l

|

|
Minicourse 5: Individualizing Iinstruction in
questions that tested the student’s undgrstanding




of nurber concepts; and (5) gusstions that asked
£he strdent to identify nurber operaticns appropri-
ate to tke solution of 2 given precblem.

2. Tse of Prcopting guestions

These guesticns encouraged a pupil to perforn
a particalar nucthber cperation or discover the
solution to a prcbien.

3. Use of éemcnstration technriguss

Six demonstration technigues were taught in tke
Minicourse. They included: (1) estimation;
(2) diagrams or pictures; (3) nuxber sentences;
{4) expanded notation; (5) number iines; and
{6) menipulative materials.

4. The use of Verbal Praise

Verbal praise was defined as the oral rewarding

of a student who has given the desired or correct
response. 2Althouch the Minicourse differentiated
general praise and specific praise, no distincticn
was made beitween the two types pf praise due to

the results of the main field test of the Minicourse
(Gall, 1973) in which specific praise occurred
infrequently.

5. Assignment of Evaluation problens

Evaluation problems are those mathematical problems
which are given to a tutored pupil to assess the
pupil’s understanding of number operations and
mathematical processes.

6. Assignment of Practice Problems

Practice problems were defined as those mathema-

: tics problems which were given to a pupil %o
provide additional experience in demonstrating
understanding of number operations and mathematical
processes after the completion of a tutoring session.

Dus to the nature of the tutorial setting, a number
N
of other tutozt/al skills or interpersonal behaviors were

identified as potentially important variables. These variables j

4 .
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were:

i. Declarative Statenments

Those statements which provided tke pupil with
problen—solving information that otherwise couid
have Geen obtained froa the tuiored pupil were
consicdered declarative statexents.

2. Constroctive Criticisnm
The tutors response to student error was considered
constructive criticism as long as no elenment of
recrimination couid e detected.

3. Recrimination
Recrimination was defined as occurring when the
tutor's criticism gave the clear implication that
the pupil shouid have been doing something else,

with a net effect of discouraging the pupil from
further ventures.

4. Rapport
The tone of the tutoring session was defined in
terms of the pupil’s willingness to be cooperative
and the tutor®s ability to induce a relared, but
productive atmosphere.

5. Use of Motivating Statements
Tutor statements at the conclusion of the tutoring
session which were clearly intended to provide
encouragement to the tutored pupil were called
motivating statements.

In Table 1, each of the above variables is listed

along with tne nature of the data which defined the variable.
The data for these variables were collected live in the

tutoring sessions by observers who were trained in an adapta-

tion of the FPlanders Interaction Analysis Coding System

(Flanders, 1970). Coding occurred at three second intervals,




TABLE 1

¥

-

Tator VYariabies Studies in the

Mathematics Totoring Strdies

VARIASLE

NATURE OF THE DATA

Diagnostic Questions

meaa number of diagrostic questions
observed for one tutor acrecss all
observed tutoring sessions —
sume§ over tutored pupils

Prompting Questions

mean nurmber of prompting questions
for one tutor across all observed
tutoring sessions

Use of Demonstration
Techniques {freguency)

mean number of demonstration
techniques used in the observed
tutoring sessions by one tutor

Use of Demonstration
Techniques (time)

mean number of seconds spent using
expanded notation, the number line,
and manipulative materiais for

one tutor across observed ¥utcring
sessions

Use 6f Verbal Praise

mean number of instances of
praise among the tutored pupils
of one tutor

-

Assignment of Evaluation

Problems{s)

the mean of this dichotomous tutor
skill represented the variable

Assignment of Practice
Problen(s)

the mean of this dichotomous tutor
skill represented the variable

~
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Delcarative Statexents

mRLE 1 ccatinrved

mean nu—ber of statements cbserved
for one *utor across cbserved
sessiocns

Constructive Criticisn

>

pean nurber of instances of construc-
tive criticisao recorded across 211
observed sessions

mean nurber of instances of recrim-
ination recorded across all observed
sessicns '

Recriminaticn
Rapport

rated 1 {ro rapport) to 9
{extremely good rapport) and averaged
across all pupils of a givern tutor

Motivating Statements

—

mean of the dichotomous tutor
skill represented the variable




unless tke interaction changed within the time interval, and

was recorded on the Mattematics Tutorirg Cbservation Form

(see Table 2). A

-

-

-

Analyses and Results o

Pegression analysis procedures were proposed in order
.

—~%0 i}vestigate the relationship of the tutoring skills and

in;e:pe;sonal behaviors to pupil outcomes. The specific

pUpil outcomes were;

1.

Mathenmaticg achievement

Computational skills were measureé by the com—
putation section of the Corprenensive Tests of
Basic Skills and Understanding of mathematical
concepts was measured by the Modern Math Supplenent
to the Towa Tests of Basic Skills. 1In the case

of the Cross-Age Tutoring Study, general mathe-
matics ability was assessed@ using a teacher-like
test —- The Far ¥Wast Laboratory Math Test.

Self concept

Acadenmic and mathematics self-concept were examined
using the Modified Sears Self-Concept Inventory.

Attitude Toward Mathematics

Attitude toward mathematics was assessed using
the Dutton-Iikert Attitude toward Mathematics
Scale.

External Locus of Control

The Feelings About Math Scales, developed at Far
West Laboratory, was used to determine whether
tutoring in mathematics affected pupils® perception
of the reinforcement which influenced them in the
area of mathematics.
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.of variables.

. For the Teacher and Paraproiessional Studies, all
dependent and independent variables were arranged into a
priori clusters. Cluster A contained pupil pretest scores

on all the dependent measures. Cluster B contained thne

- L4

tutoring skills%which focused on performance: diagnostic
questions, prcmpting qﬁestions, evaluation problems, and

practice problems. Cluster C contained the demonstratiocn

'techniqués, both{time and frequency and assessed the skill-

fulness of the tutor in psing these techniques. Cluster D
: ‘ s .

1 -

was made up of al; interﬁbgsonal tutor behaviors: praise, -
: ‘ >

, , {
rapport, motivating statenrents, declarative statements,

constructive criticism, and recrimination. Cluster E which
contained treatment dummy variable and differentiated between
those tutors who had received tutorial training and those

who had not.

- \

The five clusters of variables were entered into
multiple regression edvations_fqr each of the six posttest
variables at both the ﬁfurth and fifth grade levels. Squared

multiple‘td;relations (SMC) were computed for various combi-~
\

nations of predictor clu%ters and then used to compute esti-
| .

ﬁates of(the unique contf;bution to variance of each cluster

7 \
\
i

The results of the cémmunality regression analyses
for the Teacher Study are pfesented in Table 3 through 8.

Each table presents the fourth and fifth grade results for

3
.

e

10° .




one of the‘sixzpésffest variables. Listed in each table are

the squared muﬁliéle correlations for each cluster indivi-

dually for therfiée possible combinations of four clusters

at a time and for ;ll five clusters combined. Also listed ‘ .

in the tables are the uniqueness estimates for each cluster.’
Inspection of the six tables will show that the pupil

pretest scores accounted for the greatest amount of variance

in posttest scores for each variable with the notable excep-

s .

- tion of the fifth grade ITBS. After accounting for the
unique variance attributable to pupils' initial status,

Cluster D which contained the interperscnal behaviors of

tutors provided a small unique contributiqn fo variance

for most dependent measures, followed by Cluster B which
) containéd the performén&g tutoring skills. These results

-

were similar'to those’obgeined in the Paraprofessional Study,
and therefore, that study will not-be'reporfed separately.

The ret result of these analyses indicated‘thét tutoring
skills and interpresonal behaviors, as contained in Cluéter

D and B, had a small relationsﬁip tc mathematiéé aéhievement

as measured By the CTBS and ITBS. These same clusters also

grade attitude toward mathematics measure and external locus
of control measure.

l
|
i
|
\
had relatively large uniqueneés estimates for the fifth )
=T A somewhat different analysis approach was used ‘

in an attempt to determine the relationships betyéen tutorial

skills and pupil outcomes in the Cross-Age Tutoring Study.

11
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TABLE 3

Squared Multiple Correlations and Unigueness
Estimates {Dependent Variable - CY¥BS)

Grade 4 (N = 112) ) Grade 5 (N - 98)

Predictor Squared Uniqueness Sguared Uniqueness
Cluster Multiple 4 Mqltiple
A .423 .218 .283 .218
B .148 .037 .028 .021
C . 045 .003 .042 .006
D 177 .054 .094 .028
E .00 .001 .G07 .009
ABCD .528 .354
ABCE .475 «326
ABDE .526 : 348
ACDE  .492 .333
BCDE ‘ .311 .136
ABCDE ‘ .529 .354




i1,

A TASLE 4 1
Sguared Multiple Correlations and TUnigqueness }
- Estirates {Sependent Variable — ITBS) :
|
Grade 4 (N = 132) Grade 5 (n ;,_ 98) :
Predictor Sguared Cnigueness Sguared Unigueness
Cluster Hultipie Hultiple
i
A .432 .251 .151 .073 }
B .162 .029 C.047 .055 ;
C .0G9 .007 -035 .032
D 2112 .037 -047 -085
A .003 .012 .014 .012
2BCD . 4990 .247 )
ABCE .465 .174 : |
2ABDZ -485 -227
ACDE . 473 .204
BCDE .251 .186
ABCDE .502 ’ -259




2.

TAZLE 5

Squared Multiple Correlations and Uniqueness
Estimates {Dependent Variable ~ Acadenic Self Concept)

Grade 4 {7 = 112)

Grade 5 (3 — 98)

a

redictor Sguared Uniqueness Squared Gnigqueness
Cluster Multiple Hultiple
A .429 -303 -479 -375
3 -036 .0031 -030 -021
C .039 .005 .093 .007
D -067 -.014 .062 .031
2 -011 -.003 -.021 -006
ABCD .454 .523
- ABCE -443 .498
2BDE -452 .522
ACDE . .456 .508
BCDE .154 .154
AECDE -457 ) -529
14
//




TABLE &

Squared Multiple Correlations and Unigueress
Estimates (Dependent Varizble — Math Self Concept)

[.—_————— - ST
Grade 4 (W = 112) Grade 5 (31 — 98)
Predictor Sguared Uniqueness Sguared Uniqgrepess
Cluster Muitiple Multiple
A .415 .298 .381 .321
3 .086 -004 .014 -017 I
& -007 .001 -0064 -0060
- D .065 - .022 -046 .014 ]
£ .011 .006 .007 .00l \
ABCD .456 -419 - i 1
' 'aBCE .440 . .206 ’ ‘
22DE -461 .420
ACDE = . .458 .403
2CDE .184 .099

ABCDE .462 ’ .420




4.

TAZLE 7

Squared ¥ultiple Correlaticns and Uniqueness
Estimates (fependent Variable — Attitude Toward Math)

Grade 4 (W= 112) Grade 5 {1 - 98}
Predictor Sguared /; Unigueness Sgoared . Uniqueness
Cluster Multipie “ Multiple T

-3 .207 .165 .233 .149

B _ .023 .011 .045 .063

C .061 .013 .004 .012
. D .054 .033 .103 .081

£ .003 .012 .091 .045

ABCD .233 .379

ABCE .262 ' .343

ASBDE .282 .412 .

ACDE . .284 .361

BCDE .130 .275 —~—

ABCDE .295 - .424




TEBLE 8

-

Sguared Muitiple Correlat:.on.: and Uniqueness
Estimafes {Dependent Variable - External Locus of Control)

EC)

Grade 4 (W = 112) - Grade 5 {3 -~ 98)

Predictor Sgquared Unigueress Squared UGniqureness
Cluster ¥uitiple Multiple
2 .143 ~.102 .402 .245
B -039 l ~47 .106 .102
c -008 -090 .035 .001
, D -082 -.018 .042 -070
> .055 -029 -038 -009
ASCD .245 -5390
ABCE -256 .469 -
ABDE .274 -538
ECDE -227 -437
BCDE ] -172 -294

ASCDE 274 . .539




Factor analysis was used as a metbod of reduvcing the large
ni=ber of cktservational wvariables resulting in pine factors.
Factor 1 contaired those variables which involved verbal
jnteraction between tutor and tutored pupil. Factors 2 and 6
contained the tutor working and younger working variables,
respectively — both freguency and time. Demonstration
technigues were divided among Pactors 3, 5, and 7. Factor 4
was a hipolar tutoring siyle factor which contained recrinmi-
nation which had a high megative loading and rapport which .
had 2 high positive loading. Factor 7 contained the fregquency
and amount of tire that tutors made declarative statements, and
+he three end of tutoring session skills — assignment of
evaluation problems, assignment of practicz problems, aed use
of motivating statements —— were contained in Factor 8.

Factor scorzes were corputed for each of the nine factors
and were entered into regression equations along with the
correspording pre meazsure for each depeandent variable. The
regression analyses results are presented in Tables 9 to i5.
The format for each of the tables is identical. The variables
{factor names and@ premeasure) are listed in the left column
according to the order in which they entered the regression
equation. The remaining columns of the sumpary tabie lis-t
the multiple correlation, the muliiple correlation squared,
the amount of variance accounted for by the variable (R SQ
change) , and the simple correlation. In addition, the last

two columns cortain the raw and adjusted beta weights.

18
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As would be expected, the pupil pretest scores accounted
for the greatest amount of variance in the post scores for each
of the dependent measures. For the CTBS and ITBS, +he combined
tutorial skills and interpersonal behaviors accounted for only

5% ard 3% of the variance jn those post scores. Hcwever, for

the FWL —— a test a gencs thematics ability ~on ining boﬁﬁ
computational and mathematics concept test items —— 142 of the
variance in khe post s.° res was accounted for by the combined
tutor skills. The majori%y of that variance was attributable
o the factor containing frequency and time tuters spent using
declarative statements. | ‘

There was more consistency in the results for the
affective measures as the combined tutor skills and interpersonal

behaviors accounted for eight to thirteen percent of the varignce

in those post scores. The end.o£ session skills factor accounted
for at least 2% of the variiPce for each of the affective
measures, and the expanded notation factor accounted for 13,

3% and 4% of the variance in the post measures of external locus
of céﬁi?ol, mathematics sélf-concept, and academic. self-concept,
re§pectivé1y. Another consistency in the findings was associ;ted
with the étyle factor. For each of the affective measures,

plus the FWL, the beta weight for this bipolar factor was
negative indicating that the more criticism that occurred in

the tutoring sessions, the more positive the attitude, self-

concept, and FWL score. The finding is completely counter-

intuitive and cannot be explained by the present data.
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25.

Discussicn

In the Teacher and Pararrofessional Tutoring Stcdies, a
positive relaticnship between tutoring skilis and interpersonal

behaviors of tutors to pupil outcoxes was not clearly dexon-—

strated, although a cluster of skills which contzained the
interpersonal behaviors of tutors provided 2 srzall unique
contribution to variance in pupil post scores. A clearer
relationship between tutor skills and pupil oQutcomes was
demonstrated in the Cross—age Tutoring Study, but only when
all skilis, as represented by the factor scores, were cocbined.

After exploring and rejecting various possibie explana-
tions for the failure of the desired relationships to .
aterialize to any significant degree, including inadeguacy
of the training and inadeguate use of the tutoring'skills,
the research methodology used in tke collection of the
observational .data was examined.

The data which forﬁéd the basis of the regression
analyses consisted of frequenrcy counts indicating the nurber
of tires that a particular skill was used in the tutorial
setting. Even with the a priori clustering of skills in the
Teacher and Paraprofessional Studies, and the statistical
clustering of skills in the Cross-age Study, the fact remains
that the-bases for those clusters of skills were freguencies.
A more appropriate question in these aaalyses might have
concerned itself,’npt with the quantity of skill usage, but

with the guality or appropriateness of a particular skill
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being used. Examinaticn of the resuilts of the ccomunity
regression analyses in the Teacter arnd Paraprofessicnal
studies showed that, after the variance atiribotable to prpil
pretest scores was accounted for, the areatest amount of tte
remaining variance, on each depencdent wvariable, was accounted
for by the cluster which contained the tutor intexroerscnal
behaviors. Similar results were cbtained in the Cross-Age
Study. It is possibile that these in.erpersonal bebaviors,
which were more dependent upon what particular tutored pupils

did in the tutori:g session than the skills exphasized in

-l

Minicourse 5, demopstrated more poss.tive relationships to 5
pupil outcores because tiay were more appropriateiy used.
ﬁ&ough the data collected in the three Math Tutoring Studies
cannot provide definitive answers to this question, it is
certainly an area which should be addressed in future studies
which seek to demonstrate relationships between teaching skills
and pupil outcomes.
Al-tfough the resulis of tl*a ¥Math Tutoring Studies raise
as many questions as they answer, they are impoz:ta;xt as-a
point of departure for other researchers to use in formulating .
more appropriate methodological models vhich demonstrate the ‘
relationship between teaching and pupil outcorxes which we

intuitively believe exists.
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Peguests for copies of tte final reports cf the Math Totoring

Studies stonld be addressed to:

Dr. Beatrice Wzard, Associate Director

i Far West Laboratory for Educaticnal
Research and Develcrment

31855 Folsom Street |

San Francisco, Cailifornia 94103




